Previous studies have shown (1-3) that two time constants are necessary to describe the entrance of sodium from plasma into human erythrocytes in vitro.
The detailed washing procedure consists of three steps. First the heights of the packed cell column and total (cell plus plasma) column are measured. Then the plasma is removed with a small pipette, and finally the top of the packed cell column is washed six times with isotonic glucose. The protein concentration of the wash solution was determined in a Beckman spectrophotometer by absorption at 280 m/~. After the fourth washing a constant amount of protein is found in each washing amounting to about 0.2 per cent of the initial plasma. The white cells usually remain with the red cells. In the rare cases in which red cells are inadvertently washed off the top of the column, the sample is discarded.
The hematocrit tube is next transferred to the scintillation counter for measurement of the radioactivity. Following this step, the total cell content is quantitatively transferred from the hematocrit tube for measurements of the Na concentration in a Perkin-Elmer flame photometer as previously described (1). To determine plasma specific activity an aliquot of the plasma removed from the hematocrit tube is counted. The Na concentration of another plasma aliquot is then measured on the flame photometer.
Ira-labelled albumin 1 was used to measure trapped plasma under our conditions of centrifugation and washing. In order to make sure that no free I m was present as a contaminant the albumin was dialyzed in the cold for 48 hours against 0.167 M potassium iodide. Twenty-four determinations were made on blood from six subjects. The mean trapped plasma is 1.09 -4-0.05 ml. plasma/100 ml. packed cells. Since the same sample is used for measurement both of radioactivity and Na concentration, small differences in trapped plasma exert a minimal effect on the specific activity.
The accuracy of the analytical method for the determination of cell Na was tested by recovery experiments in which graded small known quantities of Na were added to the special hematocrit tubes after the plasma had been washed away. The total contents of the tubes were then transferred in the usual way to volumetric flasks for flame analysis of the eight samples used. The results of these eight measurements may be combined to give the standard deviation of a single determination, which is 1.2 per cent. Flame determinations throughout these studies were carried out in duplicate. Control experiments indicated that iron in concentrations simulating that in the cellular hemoglobin had no effect on Na determinations under our experimental conditions. 2 Radioactivity determinations of the packed ceil columns were carried out in duplieate (in triplicate in the later experiments) and counted when possible to a probable error of 1 per cent. In a few cases weak samples were counted to 1.5 per cent. Plasma counts were made in duplicate to a probable error of 1 per cent. The standard deviation of the radioactivity determinations (counts per milliliter of cells) from fifteen sets of triplicate samples in Experiments 4, 5, 6, and 7 was 3.2 per cent. Since the i We should like to express our thanks to Mr. W. F. Strauss for providing the labelled albumin.
We are indebted to Dr. E. T. Dunham for informing us that iron from hemoglobin may cause an error in flame photometric measurements of Na under some experimental conditions. standard deviation in the counting is about 1.5 per cent, the remaining error of 2.8 per cent is apparently due to inaccuracies in the cell volume measurement. This error does not appear in the specific activity measurements since the same figure for cell volume was used for the flame measurements as for the radioactivity determinations. * The high cell Na in this case was tested by Chauvenet's criterion (4) and found to be outside the normal range. Consequently, it has not been included in the average cell Na or its standard deviation. See note added in proof, page 392.
II RESULTS

Na Concentration in Normal Human Red Calls.-
Since the present technique enables us to obtain values for human red cell Na concentration accurately by direct cell measurements of the entire red cell population, we have made such determinations on a series of twenty healthy, young adult males and females. The mean cell Na concentration of this group, after correction for trapped plasma, is 12.1 -4-1.1 m.eq./liter cells as given in Table I . This may be compared with the value of 8.66 -4-1.40 m.eq./liter cells obtained previously (1).
The present data would appear to be more reliable than those obtained previously for two reasons. First, the higher speed of centrifugation lowers the percentage of trapped plasma from 2.97 ml./100 ml. packed cells to 1.09 mi./100 ml. packed cells. Thus the trapped plasma correction is now reduced to 1.5 m.eq. Na/liter cells from its previous value of 4.15 m.eq./liter cells. Hence small errors in the trapped plasma measurements become less important. Second, in the present technique the entire red cell column is used for the determination. Thus the top fraction containing high Na content cells is not discarded in the present measurements as it was in the past, and the average given is that for a representative sample. In some cases the white cells have been included along with the red cells, but since they represent a small fraction of the total cellular population, and since as will be shown in a subsequent section their Na content is probably not far different from that in red cells, their contribution may be neglected. The present results are also in closer agreement with those of Keitel (5) who obtained a value of 15.9 m.eq./liter cells with no correction for trapped plasma.
Exchange of Na ~ between Plasma and Red Cells.--
A series of five experiments were carried out to determine the time course of the cellular specific activity relative to that in the plasma following a single intravenous injection of Na ~. Although the subjects chosen were presumably healthy, young adult males, one of the group (JK, Experiment 3) had a cell Na concentration of 17.9 m.eq./liter cell as given in Table I . This value is so far in excess of that of any of the other nineteen subjects studied that it was dropped from the average in accordance with Chauvenet's criterion for the rejection of data (4).a Table II a presents the specific activity ratio [(counts per minute miUiequivalent of Na)cen/(counts per minute milllequivalent of Na)plu~] as a function of time for all five normal individuals. Since the specific activity ratio in Experiment 3 appears different from that of the other normal individuals, an additional average value has been calculated in Table II s, giving the average ratio and its standard deviation for Experiments 1, 2, 4, and 5.
It can be seen that the specific activity ratio (including Experiment 3) is less than 1.0 at 24 hours and beyond. The significance of this observation has been evaluated by calculating the average specific activity ratio for observations at 24 hours and later, which is 0.83 -4-0.05 (Experiments 1, 2, 3, 4, and 5). This figure is significantly different from 1.0 (P < 0.01), and indicates that all the cellular Na is not exchangeable with plasma Na at 24 hours.
a Note Added in Proof.--Since submitting this paper for publication, it has been learned that subject JK (Experiment 3) has an hereditary muscular dystrophy.
This finding is in agreement with earlier reports (1) in which a similar finding was obtained in cells incubated in plasma in vitro for periods up to 24 hours. 
Tl~oretic, al Analysis of Data.--
Having established qualitative agreement between the present in vivo studies and the previous in vitro ones, it appeared desirable to see whether the agreement could be made quantitative. For this purpose, it was necessazy to have an accurate description of the time course of the plasma specific activity. Accordingly in Experiment 5 the first point was taken 10 minutes after injection, and the history of cell and plasma specific activity was followed in considerable detail. Table H I shows the results obtained in this experiment. When the plasma specific activity was plotted on a logarithmic scale against time, TRANSPORT OP SODIUM INTO HUMAN ERYTHROCYTES it could be described over the period from 10 minutes to 30 hours by the following equation:
in which p represents the plasma specific activity and t the time in hours. The top curve in Fig. 1 (in which the points represent the data given in Table III and the curve is that of Equation 1) shows that the equation represents the * In the case of the plasma, but not of the cells, the specific activity figure was obtained by dividing the observed counts/minute by the average Na concentration over the whole 30 hour period (141.4 m. eq./liter plasma). data fairly well over the period 10 minutes to 30 hours. The constants chosen are purely empirical, and merely serve to represent this particular curve for the purpose of further mathematical analysis. No attempt was made to describe the portion of the curve before 10 minutes, which as shown by Bakay, Selverstone, and Sweet (6) may consist in man of two, and in some cases three exponentials. These observers found that, following intravenous injection, the radioactivity of a venous sample drawn at 10 minutes was characteristically only about 20 per cent or less of that observed in a carotid artery sample drawn at 1 minute. We have not taken account of this high initial concentration of plasma radioactivity since our interest was focussed on events that occurred at 24 hours and beyond, by which time any disturbances resulting from events taking place during the first 10 minutes might be expected to have subsided.
Having obtained a quantitative expression for the plasma specific activity, it is possible to choose either of two compartmental models of the red cell Na for the purpose of further analysis: a series model as illustrated in Fig. 3 a, or a parallel model as illustrated in Fig. 3 b. In either case, the usual conditions previously given (1) for compartmental analysis apply. Let us first assume that the cellular Na is divided into two series compartments, a "fast" outer compartment and a "slow" inner compartment. Under these conditions, if the behavior of the plasma specific activity is given by Equation 1, the system may be described mathematically by the following set of equations:
in which A1, A~, XI, and k~ are constants whose values are given in Equation 1; Q and R represent the Na ~ content in the fast and slow compartments respectively (relative counts/minute liter blood); and q and ~ the specific activities in these two compartments (relative counts per minute milliequivalents of Na). k'l and k', are fluxes (milliequivalents Na per liter of blood hour) between plasma and fast compartment, and fast and slow compartments respectively, and t is time in hours. To solve Equations 2, it is necessary to make use of the following relationships and transformations: (s)
Since we observe the mean cell specific activity, it is necessary to combine Equations 5 and 6 to give this, as follows:--
in which ~ represents the mean cell specific activity. The bottom curve in Fig. 1 represents the theoretical curve obtained from Equation 7 , and the points the results from Experiment 5 as given in Table  III . The values for A1, As, X1, and ks are those given in Equation 1. The value for k~ is obtained by multiplying the normal fast compartment flux previously given (1), 3.08 m.eq./liter cells hour, by the mean hematocrit reading in Experiment 5, 0.428, to give the normal fast compartment flux of 1.32 m.eq./liter blood hour. The sum of B -I-1' is obtained by multiplying the observed cell [Na] of 12.4 m.eq./liter cell (Experiment 5) by the hematocrit reading to give 3.32 m.eq./liter blood. Having assigned these constants we have two remaining adjustable constants: the Na content of the slow compartment in milliequivalents per liter of blood, and the flux between the fast and slow compartments in milliequivalents per liter of blood hour. We have chosen the values of 1.07 m.eq./liter blood for the Na content of the slow compartment and 0.016 m.eq./liter blood hour for the flux to give the fit shown in Fig. 1 .
It can be seen that there is a real difference between the observed points, shown as circles in Fig. 1 and the theoretical curve in the period between 10 minutes and 9 hours but that the curve fits the data well between 9 and 30 hours. Since the cell Na specific activity has reached 60 per cent of its 24 hour value in the first 10 minutes, this discrepancy may fairly be ascribed to the high initial plasma Na ~ levels which are not considered in Equation 1.
It is possible to adjust the values for flux into the slow compartment and (6) for compartment size within fairly wide limits and still obtain a reasonable fit to the data. Thus a somewhat smaller compartment and zero flux gives a fit not demonstrably worse than that shown in Fig. 1 . However, as the flux increases beyond the value of 0.016 m.eq. Na/liter blood hour, the fit gets progressively worse. This becomes obvious from Fig. 2 which shows the time course of the relative specific activities of the fast and slow compartments separately. As the flux into the slow compartment increases it becomes increasingly difficult to obtain the typical decline in mean cell specific activity that occurs after about 12 to 15 hours. Fig. 3 a is a schematic representation which shows the Na compartment dimensions and fluxes in accordance with Equations 5, 6, and 7 as fitted in Fig. 1 . 1~o. 1. Relative specific activity of red cells and plasma (relative counts/minute miUiequivalents of Na) in blood drawn from a healthy human adult following a single intravenous injection of Na ~a. The points represent the experimental data, and the curves are derived from the relevant equations as described in the text.
The equations for the parallel case are fortunately much simpler than those for the series one. The equations analogous to 2 b and c are:
and the solutions using . The constants used in obtaining these cellular curves are the same constants used for the relative cell specific activity curve given in Fig. 1 . The curve in Fig. ! represents the mean of the two cellular curves given here, weighted suitably for the Na content of each of the two intracellular compartments, according to Equation 7 .
in which
Sl = -A,kj(X~ -t-kl) --A=kj(X= q-k~)
A fit equally as good as that in the series case can be obtained in the parallel case using the same fluxes and compartment sizes as for the series case. This model is represented schematically in Fig. 3 b. With the present experimental data it does not seem possible to discriminate between these two choices. The values for the slow compartment size and flux are in general agreement with previous data. Thus the size of the slowly exchangeable compartment has previously been measured as 2.37 m.eq./liter cell (1). This is equivalent to 1.02 m.eq. Na/liter blood using the hematocrit reading for Experiment 5, and is in agreement with the slow compartment size of 1.07 m.eq. Na/liter blood shown in Fig. 3 . It should be pointed out, however, that this estimate of the slowly exchangeable compartment was taken from experiments in which the total red cell Na was estimated to have a lower value than that given in the present study.
The flux values have been taken from the work of Sheppard and Beyl (3), who have measured fluxes into the slow compartment in four experiments, with a mean value of 0.016 m.eq./liter blood hour, identical with our figure. The excellent agreement in both cases between the present theoretical value and the previous experiments is probably fortuitous and should not be used to lend undue weight to the quantitative accuracy of the model for red cell Na flux proposed here.
If all the intracellular Na were in a single compartment, the plasma Na would be the precursor of the cell Na, and Zilversmit's precursor criterion (7) should be applicable, since the system would fall within the restrictions for this criterion that have been previously given (8) . Consequently it would be expected that the plasma specific activity curve in Fig. 1 would cut the red cell specific activity curve at the latter's maximum. Since this is not the case, it is apparent that the plasma does not fulfill the precursor requirements, and hence that the red cell Na comprises more than a single compartment.
The Effect of White Cells.--
Sheppard, Martin, and Beyl (2) have previously shown under in vitro conditions that the slow compartment is still evident even after removal of the "buffy coat." Furthermore, the white cell Na flux has been measured by Solomon (1) who has shown that it has a flux of 0.074 m.eq. Na/liter blood hour. The half-time for white cell Na exchange is 0.6 hour so that this process is both too fast and has too large a flux to account for the slow compartment. It is also possible to make an indirect estimate of white cell Na concentration if one assumes that the white cells are in osmotic equilibrium with the blood, that all the white cell Na is osmotically active, and that no other cations besides Na and K are found in the white cells. Since it has been shown (9) that the white cell K concentration is 146 m.eq./liter white cells, there remain only 9 m.eq./liter white cells for assignment to Na. Using the cell volumes previously given (9) it can be calculated that the white cell Na concentration is 0.024 m.eq./liter blood. Since this represents so small a fraction of the slow compartment Na (1.07 m.eq. Na/liter blood) it is clear that the white cell Na does not contribute significantly. III 
DISCUSSION
It has been shown that a significant difference exists between the Na ~a specific activity of the red cells and that of the plasma at periods of 24 hours and longer following intravenous injection of Na ~ in man. These results may be taken as confirmation of the previous observations of a similar phenomenon in vitro (1-3) .
However, there is a considerable body of evidence in the literature suggesting that this small reservoir of slowly exchangeable Na does not exist in the human red cell, and it is necessary to consider this contrary evidence in detail. The studies of Edelman, James, and Moore previously alluded to (1, reference 26) have now been completed (10) . In a series of studies of the total exchangeable Na in man, these investigators obtained values in two cases of 1.02 and 1.19 for the ratio (red cell Na ~ specific activity/serum Na ~a specific activity) at 15to 24 hours. If there were no slowly exchangeable Na, this ratio should be 1.0 and the high value of 1.19 may be taken as an estimate of the error of the method in this instance.
Love and Burch (11) have made an extensive in vitro study of the present question. In thirty experiments they report that there were twenty-two instances in which the difference between total red cell Na and rapidly exchanging red cell Na (at 4 to 6 hours, which was their plateau) was less than 1.5 m.eq./liter cell which they consider to be the error of the method. In the remaining eight instances, the slowly exchanging red cell Na varied from 1.9 to 5.9 m.eq./liter cell. Since the present estimate of the size of the slowly exchangeable compartment can be converted to 2.50 m.eq./liter cells, it may have remained undetected in some of the twenty-two cases in which the difference reported by Love and Butch was less than 1.5 m.eq./liter cell. Consequently we have selected sixteen of their experiments (which represent the total carried out under standard conditions) and calculated from their data the total red cell Na, which is 8.13 4-2.95 m.eq./liter cells, and the rapidly exchangeable Na which is 6.68 4-2.22 m.eq./liter cells. Since Love and Burch find a lower red cell Na concentration than that given in Table I , the fraction of slowly exchangeable cellular Na has been chosen for comparison with the present results. They found a value of 17.8 per cent which can be compared with the present value of 20.1 per cent. It can be seen that there is no essential discrepancy between these figures.
Harris and Prankerd (12), who have recently measured the efltux of Na ~4 from human red cells in ~ro, conclude that there is no slowly exchangeable compartment. Their argument is based solely on a "rate constant" measurement, and does not involve any measurement of relative plasma and red cell specific activities. Red cells, pre-incubated with Na ~ for 2 hours, are resuspended in an essentially infinite volume of medium; the loss of Na ~ from the cells is then measured. The "rate constant" obtained by Harris The proof that the slowly exchangeable Na compartment is also demonstrable in vivo leads us to the heart of the puzzle. What function does this compartment play in the cell and what kind of a chemical or physical combination may account for this slow rate of exchange? It is known that the cells do not form a homogeneous body with respect to their Na content, and that the younger red cells have an Na content higher than the rest. Thus the slowly exchangeable Na may well represent an inhomogeneity in the cell population rather than an inhomogeneity present in each red cell. Indeed the slowly exchangeable Na may not necessarily represent a well defined compartment at all, being instead an exponential average of the behavior of many similar slow processes.
In order to examine the influence of the age of the red cells on the magnitude of the slowly exchangeable Na, we carried out further experiments with blood from patients suffering from a disease which resulted in a population of red cells younger than normal. The results of two such experiments on patients with untreated congenital hemolytic jaundice are presented in Table  IIb . It can be seen that more of the red cell Na is exchangeable at 24 hours in these two cases than in the average for the five normal individuals in Table  II a.
In order to reach a decision about the significance of the increase in 24 hour Table VIII of reference 1.) The value obtained by Harris and Maizels for their "rate constant" equivalent to k~ (1 -/~/H was 0.25 hr.-L It was suggested by Solomon that the difference between these two constants might arise from the presence of the slowly exchangeable Na which had not been considered by Harris and Maizels.
However, if we now accept the higher cellular Na concentration value of 12.3 m.eq. Na/liter cells (Experiment 5) as a more accurate measure, and if we assume that the slowly exchangeable compartment contains 2.5 m.eq. Na/liter cells as found in Experiment 5, we are left with 9.8 m.eq. Na/liter cell in the fast compartment. This would lead to a value of 0.31 hr. -1 for kba (1 --H)/H, which as stated in the text agrees well with the present value of Harris and Prankerd for their "rate constant" of 0.3 hr. -1.
exchangeable Na in these two cases, it is necessary to come to a decision about Experiment 3 shown in Table II a. If this otherwise apparently normal young man with the high cellular Na and high exchangeable Na is excluded from the normal set, the difference between the 24 hour and beyond exchangeable Na ratios in Tables H a and b On this basis it is not unlikely that the fraction of slowly exchangeable Na found in human red cells is a function of the age of the cell. If this is indeed the case, it would seem logical to imagine the Na woven into the fabric of the cellular membrane, a concept which would probably be more compatible with a system of parallel compartments than with series ones.
In sum, the present experiments resolve the apparent discrepancy between results obtained in dtro and those obtained in vivo with respect to the slowly exchanging Na Compartment. Since the in dvo exchange involves a slow compartment of magnitude and flux similar to that previously found in vitro, it can be concluded that, in this respect at least, in vitro incubation is representative of cellular behavior in man.
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SUMM'~RY
The relative Na 24 specific activity of red cells and plasma was measured at periods up to 30 hours following a single intravenous injection of Na ~ in normal healthy young adults. The average specific activity of the red cells relative to that of the plasma at 24 hours and beyond was found to average 0.83 4-0.05 in a series of five normal individuals, significantly different from 1.0. This indicates that all the intracellular Na is not exchangeable in 24 hours, and confirms earlier in dtro results. The red cell Na concentration in man was shown to be 12.1 4-1.1 m.eq. Na/liter red cell, as measured in a series of nineteen normal healthy young adults. A theoretical analysis of the data on exchangeable cell Na suggests that the red cell Na (5.3 m.eq. Na/liter blood) is divided into a fast compartment comprising 4.25 m.eq. Na/liter blood, and a slow compartment comprising 1.07 m.eq. Na/liter blood. If these compartments are arranged in parallel, the flux between plasma and fast compartment is 1.32 m.eq. Na/liter blood hour, and that between plasma and slow
